Abstract. Expansins are proteins that have been reported to contribute to fruit softening. In this study, an expansin gene, CDK-Exp3, was identified from persimmon fruit, and the mRNA accumulation of CDK-Exp3 during postharvest softening was examined using real-time polymerase chain reaction (PCR). Sequence analysis showed that CDK-Exp3 contained a putative open reading frame of 765 bp encoding a polypeptide of 254 amino acid residues, which had all the characteristics of a-expansin. As fruit softened, the expression of CDK-Exp3 increased dramatically within the initial 8-day ripening at 20 8C followed by a gradual decline at the late stages of ripening. The expression of CDK-Exp3 was inhibited by gibberellic acid, and the maximum transcript abundance was delayed by 20 days compared with that of the control fruit. The results suggest that CDK-Exp3 might be closely related to softening of persimmon fruit during postharvest ripening.
'Fupingjianshi' persimmon (Diospyros kaki L.) is one of the important astringent persimmon cultivars in northwest China. The cultivar is very fast to ripen at ambient temperature after harvest. Softening is a very important feature of persimmon fruit ripening, providing juicy and melting textures for edible quality. It has been well known that fruit softening involves depolymerization and solubilization of cell wall components including matrix polysaccharides (hemicellulose and pectins) (Brummell and Harpster, 2001 ). The final hydrolysis and breakdown of cell wall components result from the action of cell wall hydrolases including polygalacturonase [electrical conductivity (EC) 3.2.1.15], pectin methylesterase (EC 3.1.1.11), b-galactosidase (EC 3.2.1.23), and xyloglucan endotransglycosylase (EC 2.4.1.207) (Brummell and Harpster, 2001) . However, these enzymes may not be individually responsible for disassembly of cell wall polymers because molecular modification of these enzymes has not fully prevented fruit softening in many cases (Goulao and Oliveira, 2008) .
Expansins are nonenzymatic cell walllocalized proteins that were first isolated from cucumber hypocotyl walls by analysis of pHdependent cell-wall extensibility (McQueenMason et al., 1992) . Expansins are cell wall proteins without hydrolytic activity and function to loosen hydrogen bonds between cellulose microfibrils and matrix polysacchardes in cell walls, particularly xyloglucans. This results in enhanced accessibility of cell wallmodifying enzymes, accelerating cell wall degradation (Brummell and Harpster, 2001; Li et al., 2003; McQueen-Mason and Cosgrove, 1995; Rose and Bennett, 1999) . Numerous studies confirmed that expansins play an important role in fruit softening (Goulao and Oliveira, 2008; Payasi et al., 2009; Rose et al., 1997) , as has been shown for a variety of fruits such as tomato (Brummell et al., 1999 (Brummell et al., , 2002 Rose et al., 1997 Rose et al., , 2000 , strawberry (Civello et al., 1999) , peach (Hayama et al., 2003) , pear (Hiwasa et al., 2003) , mango (Sane et al., 2005) , kiwifruit (Yang et al., 2007) , banana (Asha et al., 2007) , loquat (Yang et al., 2008) , and papaya (Gaete-Eastman et al., 2009 ).
In our previous study, two fragments of expansin genes in persimmon (cv. Fupingjianshi) fruit, termed CDK-Exp1 and CDK-Exp2 (not the full length sequences), were cloned during fruit growth and ripening (Tong et al., 2005) . The objective of the present study was to identify the cloning for a full-length expansin gene (CDK-Exp3) at the onset of ripening as well as to investigate the hypothesis that the expansin gene might be involved in persimmon fruit softening by interference of gibberellic acid (GA 3 ) on ripening.
Materials and Methods
Plant material. Persimmon (Diospyros kaki L. cv. Fupingjianshi), an astringent cultivar with %70% of surface yellow coloration (ripening initiated) fruit, were harvested from a commercial orchard in Fuping county, Shaanxi Province of China. The fruit were packed in fiberboard cartons and transported to the postharvest facilities in Northwest A&F University on the day of harvest. Fruit of uniform size without mechanical damage were selected for the experiments.
Gibberellic acid treatment. Persimmon fruit were randomly divided into two treatment groups, 270 fruit for each treatment. One group was immersed in GA 3 solution [60 mgÁL -1 of GA 3 (Sigma, St. Louis, MO) and Silwet L-77 surfactant (GE Silicones, Wilton, CT) (0.05%, v/v)] for 1 min at 20°C. The second group of persimmon treated with distilled water (1 min, 20°C) was used as the control. After GA 3 or water treatment, the fruit were wiped dry with paper towels and ripened at 20°C. Three replicates of five fruit for each treatment were sampled every 4 d during postharvest storage. Fruit flesh was cut into small slices (seeds were discarded) and frozen in liquid nitrogen. Samples were stored at -80°C for use. The experiments were performed twice with similar results.
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probe. For each treatment, two measurements were carried out at two equidistant points on the equatorial axis of 10 fruit. Firmness was expressed as N/cm 2 . Ethylene production. Five fruit from each treatment were individually placed in 3.6-L sealed glass jars for 1 h at 20°C, after which gas samples (1 mL) were collected with a syringe. Ethylene was determined by injecting a gas sample into a flame ionization detection Shimadzu GC-14A gas chromatograph (Shimadzu, Kyoto, Japan). The oven, detector, and injector were operated at 100, 120, and 120°C, respectively. The carrier gas (N 2 , H 2 , and air) flow rates were 30, 30, and 300 mLÁmin -1 , respectively. Ethylene production was expressed as ngÁkg
Reverse transcription-polymerase chain reaction. Total RNA was extracted from persimmon fruit at 4-d intervals during storage according to the method of Tong et al. (2005) . RNA from pulp (without GA 3 treatment) at Day 8 of storage was used for cDNA synthesis. cDNA was synthesized using oligo d (T) 18 and reverse transcriptase M-MLV (Takara, Dalian, China). Partial cDNA was amplified using a degenerate sense primer (5#-GSNCAYGCNACNTTYAYGGNG-3#) and an antisense primer, (5#-YTGCCARTTY TGNCCCCARTT-3#) (N = A/C/G/T, Y = C/T, N = G/C, R = A/G), which were designed according to the conserved regions of plant expansin sequences. The PCR product was cloned into pMD-18T vector and sequenced. Using the nucleotide sequence obtained (Sangon Biotech, Shanghai, China), specific internal primers (3#GSP1: TCACTGCCACTAACTTCTGC, 3#GSP2: ATCTTGCTGAGCCTGCCTTCCT; 5#GSP1: TGTTCTGGACCCCTTGACTG, 5#GSP2: GAAGGCAGGCTCAGCAAGAT) were designed for 5# and 3# rapid amplification of cDNA ends (RACE) PCR, which were performed using a RACE cDNA Amplification Kit (Takara, Dalian, China) following the instructions of the supplier. The two PCR products reconstituted a composite cDNA of 1168 bp according to the sequencing result (Sangon Biotech, Shanghai, China). Based on sequence of composite cDNA, upstream (5#-AATATGG CCAATCCTGCAAC-3#) and downstream (5#-CAGCGATAGACTCTCAATGC-3#) primers were synthesized to amplify the fulllength expansin gene including the complete Fig. 1 . Alignment of deduced amino acid sequence of persimmon fruit expansin (CDK-Exp3) in relation to other fruit species. The conserved regions are in the frame, and invariant residues are shaded. 
Real-time polymerase chain reaction analysis. Two oligonucleotide primer pairs used for real-time PCR analysis were designed according to the sequence obtained in the present study using Primer 5.0 software (PREMIER Biosoft International, Palo Alto, CA). The primers are listed in Table 1 . PCR was performed in an iCycler iQ real-time PCR instrument (Bio-Rad, Hercules, CA) in a total volume of 20 mL containing 1 mL of cDNAs, 0.8 mL of each primer, and 10 mL of 2 · SYBR Green PCR Master Mix (Takara, Dalian, China) with a predenaturation step at 95°C for 3 min followed by 40 amplification cycles at 95°C for 30 s, 56°C for 30 s, and 72°C for 30 s. At the end of the PCR run, a melting curve was generated and analyzed. The housekeeping gene encoding actin was selected as an internal control to normalize the input amount of templates. For each sample, reactions were set up in triplicate. No template control for each primer pair was included in each run.
Statistical analysis. Data were subjected to repeated-measures analysis of variance (ANOVA) using SAS statistical software (Version 8; SAS Institute, Cary, NC). Fisher's least significant differences (P = 0.05) were determined to compare differences between means after a significant ANOVA effect. Data are presented as the mean ± SEM.
Results
Sequence analysis. cDNA clones of CDKExp3 1168 bp in length were isolated from persimmon fruit at the full ripe stage. Analysis of the CDK-Exp3 sequence revealed a putative open reading frame of 765 bp starting with an ATG codon encoding a polypeptide of 254 amino acid residues. The sequence of CDKExp3 showed a high amino acid homology to other fruit-specific expansins (Fig. 1) . Apart from the signal sequence, CDK-Exp3 contains 8-cysteine (C) residues, four tryptophan (W) residues, and a His-Phe-Asp domain, which are characteristic of most a-expansins (Fig. 1) . Persimmon CDK-Exp3 had amino acid similarity of 82%, 82%, 81%, 80%, 80%, 80%, 79%, 73%, and 65% to apricot, cherry, pear, peach, plum, apple, strawberry, cucumber, and tomato fruits, respectively.
As shown in Figure 2 , deduced ripeningspecific expansin proteins fall into two major phylogenetic branches: one consisted of cucumber FJ269042 and tomato U8123 and the second contained the other sequences. CDKExp3 clustered with a-expansins within the expansin superfamily and was closely related to AY083166 (apple), AF350937 (cherry), U9316 (apricot), AB093029 (pear), AF159563 (strawberry), EU340362 (plum), and AB029083 (peach).
Firmness. As shown in Figure 3 , control 'Fupingjianshi' persimmon fruit softened rapidly during ripening, from an initial value of 109.1 ± 5.7 to 24.2 ± 1.4 N/cm 2 after 20 d storage. Softening was inhibited by GA 3 , firmness being 44% higher than that of control fruit from 4 to through 20 d of storage. At 28 d, GA 3 -treated fruit softened to levels comparable to the value of control fruit at 20 d (Fig. 3) .
Ethylene production. Ethylene production in persimmon fruit at the start of the experiment averaged 8.25 ± 0.79 ngÁkg
The ethylene production in control fruit increased sharply to a climacteric maximum of 23.95 ± 1.77 ngÁkg -1
Ámin
-1 at 8 d followed by a fast decline as fruit ripened (Fig. 4) . GA 3 exhibited a strong suppression of ethylene production, by which the climacteric peak was delayed to 20 d with rate reaching to 20.61 ± 2.36 ngÁkg -1 Ámin -1 (Fig. 4) . Expression of CDK-Exp3. The expression intensity in control fruit increased sharply to maximum within 8 d of storage followed by a steady decline through the end of storage (Fig. 5) . GA 3 treatment resulted in strong suppression of CDK-Exp3 expression in persimmon fruit, particularly within the initial 
Discussion
Expansins are broadly distributed in different plant tissues and exhibit distinct expression profiles relating to either fruit size or ripening stage of fruit (Brummell et al., 1999; Hiwasa et al., 2003) . The ripening-related expansins, generally regarded as a-expansins, may play a role in fruit softening through enhancing the accessibility of cell wall polymers to hydrolytic enzymes (Rose et al., 1997) . In the present study, a softening-related expansin gene clone, CDK-Exp3, was identified in persimmon fruit during ripening, which encodes 254 amino acid residues compared with 177 residues of CDK-Exp1 and 174 residues of CDK-Exp2 in 'Fupingjianshi' persimmon (Tong et al., 2005) . The characteristic domains in most of the a-expansins are conserved in CDK-Exp3 at the respective positions, which probably involves disulfide bridges for protein conformation and protein-polysaccharide binding (Brummell and Harpster, 2001 ). The CDK-Exp3 showed a high homology with other ripening-specific expansin genes in fruits including pear, apple, peach, apricot, strawberry, plum, and cherry ( Fig. 1) , suggesting that ripening-related expansins might possess common structural and functional characteristics in different fruit. In addition, CDK-Exp3 expressed abundantly when softening initiated and attained a high level within a few days (Fig. 5) . We suggest that CDKExp3 as a promoter might play a crucial role for softening of persimmon fruit.
GA 3 , one of the important plant hormoneregulating growth and elongation of cells, can result in delayed ripening and resistance against fungus in strawberry (Given et al., 1988) and persimmon fruit (Ben-Arie et al., 1986; Eshel et al., 2000; Huang et al., 2006) . The findings presented here showed that GA 3 delayed the expression of CDK-Exp3 of persimmon fruit during ripening and strongly suppressed softening and ethylene production. It is explicit that CDK-Exp3 may be an ethylene and ripening-related expansin. Such an ethylenedependent response has also been observed previously in MiExpA1 of mango in which expression of expasins was stimulated by ethylene within a short time and suppressed by an inhibitor of ethylene perception, 1-methylcyclopropene (Sane et al., 2005) .
In conclusion, a full-length expansin gene, CDK-Exp3, was identified from persimmon fruit in the present study, and the expression at the transcriptional level was associated with postharvest fruit softening. Regulation of the expansin gene by GA 3 provides improved understanding for the manipulation of softening in persimmon. 
